The association between dietary patterns and hypertension or systolic blood pressure
Introduction
Hypertension is a common chronic condition worldwide and an important risk factor for premature death [1] . During the past several decades, numerous studies have assessed the association between diet and hypertension. Dietary factors such as high sodium intake, low potassium intake, and excessive alcohol intake are established modifiable risk factors for elevated blood pressure (BP) [2] . Other dietary factors possibly related to high BP levels include lower intakes of vegetable protein [3] , calcium, non-heme iron [4, 5] , magnesium [6] , phosphorus [7] , polyunsaturated fatty acids [8] , and higher intakes of soft drinks [9] , cholesterol [10] , animal protein [3] , and red meat [5] .
Human diet is a combination of different foods and nutrients. Interactions between these components are highly likely. Analysis of dietary patterns may account for cumulative and interactive effects and control for dietary confounding [11•] . Several review papers have addressed the methods used to construct dietary patterns in population studies [12, 13] . The methods can be classified into two groups: hypothesisoriented (priori) methods using prior information (eg, indexes and scores) and exploratory methods (posterior or empirical) using study-specific data (including factor analysis, principal component analysis, or cluster analysis). Reduced rank regression (RRR) method is a combination of the two groups.
The latest American Society of Hypertension position paper classified vegetarian diets and the Dietary Approaches to Stop Hypertension diet (DASH) as having persuasive clinical trial evidence for lowering BP [2] . However, evidence of other overall dietary factors and hypertension has not been discussed [2] . Three review papers reviewed the association between dietary patterns and hypertension or metabolic syndrome-in 2002 [14] , 2004 [12] , and 2006 [15] . However, the number of studies identified by these reviews is very small (<10). A substantial number of studies on the association between overall dietary pattern and hypertension or BP have been published since these reviews. This current paper aims to summarize the latest studies after the previous reviews with a specific focus on dietary patterns derived using factor analysis, principal component analysis, and cluster analysis.
Methods
We searched PubMed, EMBASE, and Web of Knowledge. The following search terms were used: food pattern, dietary pattern, food habit, factor analysis, principal component analysis, cluster analysis, clustering, hypertension, blood pressure, and metabolic syndrome. The search was restricted to human studies reported in English and published between January 2008 and December 2011.
For each study included in the paper, we extracted the following information: country, study design, study population (including whether or not individuals with chronic conditions were excluded in the study/analysis), method of dietary assessment, how the dietary pattern was assessed, and the name and composition of the dietary patterns identified. Multivariable adjusted association between the identified dietary patterns and the risk of hypertension or level of systolic blood pressure (SBP) or diastolic blood pressure (DBP) were extracted.
A substantial number of studies used metabolic syndrome as the outcome variable. In these studies, elevated blood pressure (EBP) refers to SBP ≥130 mm Hg and/or DBP≥85 mm Hg, or use of hypertension medication. In other studies in which hypertension is the main outcome variable, hypertension is defined as SBP ≥140 mm Hg and/ or DBP ≥90 mm Hg, or use of hypertension medication.
Results
Overall, we identified 27 papers describing the association between dietary patterns and hypertension or SBP/DBP (Tables 1, 2 , and 3); the majority were cross-sectional studies (with only two cohort studies). Factor analysis was the most common method of constructing dietary patterns. Although most of the papers were from Western countries, 13 were from Asia.
Cohort Studies
In the Generation R study in The Netherlands [16• ], 3,187 women were followed during pregnancy. Two dietary patterns were identified using factor analysis: a "Mediterranean" pattern characterized by high loading of vegetables, vegetable oils, pasta, fish, and legumes, and a "traditional" pattern high in meat and potatoes. Although no association between the two dietary patterns and incident pregnant hypertension was found, low adherence to a Mediterranean and high adherence to a traditional dietary pattern were associated with a higher BP in pregnancy.
In a 1-year cohort study of 160 patients receiving renal transplantation [17] , a dietary pattern in which "fats and sugar" predominated was related to increased risk of EBP during follow-up. In contrast, a Mediterranean dietary pattern was inversely related to the risk of EBP. Comparing extreme tertitles of Mediterranean pattern, the OR for EBP was 0.48 (95 % CI, 0.17-1.05).
Cross-Sectional Studies

Adolescent Study
Although the majority of the studies were done in adult populations, three studies assessed the association between dietary pattern and BP among adolescents.
The Raine Study, involving 1,139 Australian boys and girls aged 14 years living in Western Australia (whose mothers participated in a study during pregnancy) grouped into two dietary patterns ("healthy" and "Western"). Although there were significant differences in fiber intake across the groups, there was no significant relationship between SBP and either dietary pattern [18] .
In another Australian study [19] involving 282 adolescents older than 16 years of age completing the 1995 Australian National Nutrition Survey, a dietary pattern of "fruit, salad, cereals, and fish" was associated with significantly lower DBP. "Vegetable" and "high fat and sugar" patterns were not related to BP despite significant difference in fiber and potassium intakes. No association between dietary patterns and SBP was found.
In Tunisia, among 1,019 adolescents randomly selected from 3 regions (capital city, 1 tourism-oriented region, and 1 remote rural inland region), multiple correspondence analysis was used to construct dietary patterns [20] . Two dietary patterns were identified: "modern" dietary pattern (high intake of white bread, dairy products, sugars, added fats, fresh fruits) and "meat and fish" dietary pattern.
Studies in Western Countries
The majority of the identified studies were done in Western countries. In Germany, in a national representative sample of 4,025 adults, a "processed meat" pattern was positively associated and a "health-conscious" pattern was inversely associated with hypertension [21] .
In Portugal, using data from 1,868 men and women aged 18 years and older, dietary patterns were explored by cluster "sweet"
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"vegetarian" analysis [22] . In the study, participants were controls from a community-based nonfatal acute myocardial infarction case-control study. Different dietary patterns were identified in men and women. No association between dietary patterns and BP was found in women. However, compared with the "healthy" dietary pattern, "meat and alcohol" and "intermediate intake" patterns (intermediate consumption of most foods, but of white meat) were associated with increased BP in men. In Mexico, among 5,240 men and women 20 to 70 years of age, 3 dietary patterns were identified using factor analysis [23] . The participants in this study were employees and their relatives from three health and academic institutions. Those with known diabetes, hypertension, dyslipidemia, or rheumatoid arthritis were excluded from the analysis. A "Western" dietary pattern (high intake of pastries, refined cereals, corn tortillas, and soft drinks; low intake of whole cereals, seafood, and full-fat dairy products) was positively associated with EBP. Comparing tertile three with tertile one of the Western pattern, OR for EBP was 1.20 (95 % CI, 1.01-1.41). "Prudent" and "high protein/fat" dietary patters were not associated with EBP.
In Southern Brazil, among 4,202 men and women (mean age, 23 years) in a birth cohort study in the city of Pelotas, "common Brazilian" (sugar, white bread, coffee, butter/margarine, rice, and black beans) was inversely associated with SBP and DBP in women [24] . Comparing the fifth with the first quintile of this pattern, the mean difference in SBP and DBP was 2.63 and 1.89 mm Hg lower, respectively. However, the "processed" food pattern (red and processed meats, salty snacks, French fries, beer, soda, and other processed foods) was not associated with BP in either gender.
In the Framingham Offspring study, among 2,875 participants without diabetes or not taking cholesterol-lowing medications, although a diet rich in fruit, vegetables, whole grains, and reduced fat dairy protected against insulinresistant phenotypes, no association between dietary patterns and SBP or DBP was found [25] .
A study of Alaskan Eskimos recruited 1,066 men aged 18 to 92 years. Dietary patterns were identified by factor analysis based on dietary information from a food frequency questionnaire (FFQ). It was found that a "traditional" pattern, which was rich in fish, native sea and land animal food, was inversely associated with SBP [26] , whereas a "Western" diet was positively associated with SBP.
In a randomly selected Italian sample of 7,646 adults without known cardiovascular diseases, diabetes, hypertension, and hyperlipidemia, Centritto et al. [27] reported that an "olive oil and vegetable" pattern was inversely associated with SBP (quartile 1 vs quartile 5, 136.4 vs 134.7 mm Hg [P00.0012]). In the study, both factor analysis and RRR were used to construct dietary patterns. A dietary pattern derived by RRR was similar to a "pasta and meat" pattern from the factor analysis. This pattern was positively associated with SBP.
In Ireland, in the Cork and Kerry Diabetes and Heart Disease study, Villegas et al. [28] assessed the effect of core lifestyle behaviors on hypertension. A total of 1,018 adults aged 50 to 69 years were randomly selected with no exclusion of those with chronic diseases. Dietary patterns were constructed by cluster analysis. A "healthy eating cluster" was defined as light drinkers (3.5-7 U of alcohol per week) with a "prudent" dietary pattern (highest intake of pasta, rice, brown breads and unrefined cereals, spreads, poultry, fish, lowfat milk, dairy products, salad dressing, fruit, and vegetables). Although the "healthy eating cluster" was not associated with hypertension, its combination with other protective factors was inversely related to hypertension.
Based on data from the INTERGENE population study of women and men aged 25 to 74 years in western Sweden, Berg et al. [29] found "fast energy" and "coffee" clusters had higher BP as compared with the "healthy" cluster. In the analysis excluding those with known chronic diseases, the association did not change.
Studies in Asian Countries
Five studies have been performed in the Korean population, four of which used factor analysis to define dietary patterns [30•, 31-33] and one used cluster analysis [34] . Based on the third Korean National Health and Nutrition Examination Survey (KNHANES) data, using cluster analysis, three dietary patterns were identified: "traditional," "meat and alcohol," and "Korean healthy." There were no difference in SBP and DBP between the three patterns [34] . In the Korean Health and Genome study [32] , among 3,581 men aged 40 to 69 years, a "rice-vegetable" dietary pattern was positively associated with hypertension. Comparing the extreme quintiles of the pattern, the OR for hypertension was 1.47 (95 % CI, 1.05-2.07). Using data from the second and third KNHANES, Kim and Jo [30•] found the "meat and alcohol" pattern defined by factor analysis was positively associated with EBP, while no association between the "grain, vegetable, and fish" pattern and EBP was seen. Using data from the second KNHANES, three dietary patterns ("traditional," "Western," and "drinker") were identified and were not associated with hypertension [31] . None of these studies found an inverse association between the "traditional" vegetable-rich food pattern and hypertension. In a cohort of 4,984 Korean women aged 30 to 79, a "traditional" pattern with high loading of cereals, green-yellow vegetables, salted vegetables, and light-colored vegetables was not related to the risk of hypertension [33] . However, a "healthy" pattern with high loading of green-yellow vegetables, healthy-protein foods, seaweeds, and bonefish was inversely related to the risk of hypertension (OR for extreme quartiles, 0.75 [95 % CI, 0.62-0.91]). In all five studies, intake of salt and different types of fat was not assessed. Only one study assessed the association between dietary pattern and sodium intake [32] .
Two of the largest studies were undertaken in China, with each sample size more than 20,000 (one was a regional study in Shanghai, the other a nationwide study). In the Shanghai Men's Health study, the largest study (with 39,252 men aged 40-74 years without known hypertension), three dietary patterns were identified: "vegetable," "fruit and milk," and "meat" dietary patterns [35] . These patterns were similar to patterns found in another Chinese study, the Jiangsu Nutrition Study [36] . No association between a "vegetable" pattern and SBP/DBP was found. A "fruit and milk" pattern was inversely associated with both SBP and DBP. The difference in SBP/ DBP between extreme quintiles of this pattern was substantial (SBP, -2. The analysis excluded those with known hypertension, diabetes, dyslipidemia, and stroke before the survey. Three dietary patterns were identified using factor analysis: "Western" (meat, dairy products, soft drinks, cake, and juice), "traditional Northern" (high intake of wheat flour but low in rice), and "traditional Southern" (fruit, vegetable, aquatic products). The three dietary patterns were all associated with new hypertension after adjusting for age and gender. The traditional Northern patterns were positively associated, and the traditional Southern pattern was inversely associated with hypertension in multivariable analyses; the Western pattern was without effect. The association between the traditional Northern dietary pattern and hypertension was substantially attenuated (until it was nonsignificant) after adjusting for body mass index.
In a cohort of 701 randomly selected Indian women living in urban West Bengal, the prevalence of hypertension was 47.8 %. Dietary intake was assessed by FFQ and 24-hour recall. Despite an inverse association between the "vegetables, fruits and pulse" pattern and total cholesterol (low-density lipoprotein cholesterol), this dietary pattern was not related to hypertension or SBP/DBP. None of the other identified dietary patterns were associated with hypertension [38] . In the India Health Study, men and women aged 35 to 69 years living in three regions (Delhi, Mumbai, and Trivandrum) were randomly selected. Different dietary patterns were identified in each region [39] . In Delhi, a "fruit-dairy" pattern was positive associated with hypertension; OR for extreme tertiles was 2.20 (95 % CI, 1. 47-3.31) . In Mumbai, a "fruit-vegetables" pattern was inversely associated with hypertension; OR for extreme tertiles was 0.63 (95 % CI, 0.40-0.99). In Trivandrum, no association between dietary patterns and hypertension was found.
In Japan, in the Jichi Medical School Cohort study [40] , a "vegetable" pattern was inversely associated with SBP and DBP in women, but not in men. The difference in SBP between extreme quartiles reached 4.6 mm Hg. However, in the study, a "Western" pattern was inversely related to BP in women. The dietary information in this study was based on a 30-item FFQ without portion size.
Two studies from Iran (each sample size <500) assessed the association between dietary pattern and hypertension. In the study by Rezazadeh et al. [41] among 460 randomly selected women in Tehran, it was found that history of hypertension was positively related to "healthy" pattern score. In the study by Amini et al. [42] among 425 participants with impaired glucose tolerance, a "Western" dietary pattern was positively associated with EBP. No association between other dietary patterns and hypertension was found.
Other Regions
A cross-sectional study of 571 members of defense forces in Cameroon found an inverse association between a "fruits and vegetables" pattern and hypertension [43] . The OR for hypertension comparing extreme quartiles was 0.41 (95 % CI, 0.20-0.83).
Discussion
The majority of the dietary patterns in this paper were identified using factor analysis based on dietary data from FFQs. The number of patterns ranged from two to six. A few dietary patterns were based on dietary data from 24-hour recall. In general, a "Western" and a "prudent" dietary pattern were seen across populations. However, the associations between dietary patterns seem different according to populations. In Western populations, a positive association between a "Western" dietary pattern and hypertension or SBP/DBP was often observed, while an inverse association between a "prudent" pattern and hypertension or SBP/DBP was found. The association between a "prudent" pattern and hypertension was not seen in some Asian countries.
Western Dietary Pattern and Hypertension
Half the studies in Western countries found a positive association between "Western," "processed meat," and "meat and alcohol" patterns and hypertension [21-23, 26, 29] ; others found no association [18, 19, 24, 25, 27] . In general, no such association between "meat and alcohol" and "Western" pattern and hypertension or BP was found in studies undertaken in Asia [31-34, 37•, 38, 39, 41] , with the exception of four studies that demonstrated a positive association between this pattern and hypertension or BP [30•, 35, 40, 42] .
Typical Western diets contain processed foods low in fiber and high in refined carbohydrates, fats (especially saturated fats), and salt. High trans-fatty acid content in Western diet is also a concern, as it increases the risk of cardiovascular disease. From existing studies, it is difficult to explain the Eastern-Western difference with regard to Western diet and BP. Most of the studies included did not provide information on intake of type of fat, fiber, and sodium. Lifestyle factors and socioeconomic status related to dietary patterns may also explain the difference. Smoking and alcohol consumption are common in men living in Asian. Furthermore, people in Asia have lower body mass index in general than their counterparts in Western countries. The association between a Western dietary pattern and BP could be confounded by these factors in Asia.
Vegetable-Rich Pattern and Hypertension
Dietary patterns rich in vegetables are associated with reduced risk of hypertension or lower levels of BP in Western populations [19, 21, 22, 24, 26, 27, 29] . In Asian populations, the association between a vegetable-rich dietary pattern and hypertension or BP remains uncertain. The majority of the studies found no association between a vegetable-rich diet and BP. Only two studies found an inverse association between a vegetable-rich pattern and BP [37•, 40] . In contrast, one Korean study [32] found a positive association between a vegetable-rich pattern and hypertension. Some researchers suggest that the cooking method for vegetables may partially explain the null association. In Asian countries such as China and Korea, vegetables are often stir-fried or cooked with salt. A vegetable-rich dietary pattern was positively associated with obesity [44] and higher weight gain over 5 years in a Chinese population [36] . In the Shanghai Women's Health Study, there was no association between a vegetable-rich dietary pattern and mortality, while a fruit-rich diet was related to a lower risk of mortality [45] .
Methodologic Issues
Posterior dietary pattern approaches need subjective judgments, including the collapsing of food items and number of factors or clusters to be retained. The validity and reproducibility of these identified dietary patterns have yet to be tested. Although such tests have been done in the United States [46] , they are not available in Asian countries. Studies comparing posterior dietary patterns with priori dietary pattern in association with BP are limited.
There are six studies using national representative samples. In contrast, many of the other studies were not representative of the general population, as some studies recruited patients and controls in a case-control study, workers in the workplace, and individuals going for cancer screening. While most of the studies done in general populations excluded participants with known chronic diseases, including hypertension, some studies included all the participants in the analysis. Direct comparison between studies is not possible due to the substantial difference in the samples.
Salt intake is an important factor influencing BP. However, the majority of the studies did not assess salt intake. The difference in salt intake by dietary patterns is not known. Associations between dietary patterns without salt intake and BP may not be the same as those dietary patterns with salt intake. Further study is needed in this field. Some studies have the potential to clarify this. For example, in the China National Nutrition and Health Survey 2002, salt intake was assessed using weighted food records. It is a limitation that cooking oil is not incorporated in dietary pattern analysis in most studies. In Asia, stir-frying vegetables using oil is common. The liberal use of cooking oil is of concern.
Another limitation in the studies is the lack of information on nutrient intake, including sodium, potassium, and type of fatty acids. Without this information, it is difficult to interpret the associations between dietary patterns and BP.
Because most of the identified studies are cross-sectional, no conclusion on causation can be made. Despite excluding known hypertension and other chronic diseases in some studies, reverse causation is possible. People with unknown hypertension may have changed their dietary habits due to other chronic conditions, including overweight/obesity. Excluding those with known chronic conditions may attenuate the association between dietary patterns and hypertension if these chronic conditions were caused by the dietary patterns.
Future Directions
To better understand the association among diets, dietary patterns, and hypertension, the following research is needed: 1) direct comparison of these dietary patterns (posterior and priori methods) within the same study; 2) investigation of the effects of individual dietary components independent of the overall dietary pattern, especially the interaction between salt and dietary patterns; 3) investigation into whether dietary patterns using FFQs are similar to those using 24-hour recall in the same study (Schwenke [47••] summarized some of the recent studies using these analytical approaches regarding to dietary patterns and health outcomes); and 4) migrant studies and international comparison studies. Finally, more prospective studies are needed.
Conclusions
Posterior dietary patterns are related to hypertension, although substantial regional differences exist. There is an Eastern-Western difference in the association between dietary patterns and hypertension. Posterior dietary pattern approaches can provide useful information in creating dietary guidelines. However, further research is needed in this field.
Disclosure No potential conflicts of interest relevant to this article were reported.
